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Process and Apnarams far ti» Generic TiansfonnatiDn of Celh 



ABSTRACT 



In a tubuifiT pressure diamber a drop of a DNA solution with gold particles suspended 
tfaerexn is aionri7r.d at the opening of a cannula by a pressure icopact The fog droplets 
containing fte gc^ particles and the DNA entrained by them, are pressured by the 
pressure impact dirough a restriction at the end of the pressure chamber and thereby 
accelented and focused They subsequently traverse in firee flight an evacuated specimen 
chamber and ioipact in a narrowly limiied target area with a piedetenanned pulse, cells 
fixed on a holder, tliereby penetrating them. 
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GAg7-I7g79ifayEIH 

Process and Apparatus for the Genetic Transformation of Cells 

BACKGROUND OF THE INVENTION 

The invention concerns a process for the genetic transfoimadon of cells» in pamcnlar plant 
cells, together with an apparatus to cany out the process for tiie insertion of paiticies in 
cells. Such a p rocess and a caczesponduig apparatus are described for exanq>le in EP-A-0 
270 356. 

The present invention furtkei' coneems the application of the process accortfing to the 
invention id the preparation of trensgenic plants, together with transgenic plants 
obtainable by said process and the pn^geny tiiereof. 

NunoBEous processes and methods are available at ti>e present tune lor die genetic 
manipulation of the genotype of plants by means of tiie recombinant DN A techncdogy; 
they are routinely used in many labotrasones* 

The most effectively investigated and most fteqnentiy used processes undoubtedly include 
tiie Aerobactenum transf onnation system. 

Aerobacterinm cells have on tiidr H-plasmid a large DKA itagment, the so-called 
T-DNA region, w^uch in the natural transf cnnation of plant cells is integnied into the 
plant genome. 

This namra] gene transfer system may be used after carrying out diSerent modifications as 
a gene vector system for the controlled transformation of plants (Qnlton, MD, 1983). 

However, the Agrobacterium transf onxiation system has the decisive disadvantage tiiat the 
effective range of Aerobaeteria is restricted to certain dicotyledonous plants and a few 
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repTcssntativc of the monocotyledons (Hemalsteens & al., 1984; Hookas- 
Van-Slogteren & al, 1984), which art insigniiicant from an agzicultuial economic 
standpomu This signifies that die most impartant cultivated plants are not accessible for 
Elective gene nnsf ex. 

FunhennoTB, the agrobactcna used aze pathogens, which in their host plants indnoe 
chaiactsristic disease sya^toms in the form of cancer like tissue growths and which 
dierefoic may be handled under strict safc^- regulations in the labontory only. 

Altemadve transfcnmation systems, which were developed to equalize the disadvantages 
of the Agrobacterium transformation systems and which are directed at the transfer of 
exogenic DNA into plant protoplasts, such as the direct gene transfer of DNA in 
protoplasts (Paszkowski & al^ 1984, Potryicus & aL, 1986) and the microinjection oi 
vector-free DNA in protoplasts (Sieinbiss and Stabei, 19S3; Morikawa and Yamada, 1985) 
or cells (Nomura and Komamime, 1986). must be considered problematic to the extent 
that d)e regeneration of entire plants from plant protoplasts of a plurality of plant species, 
in particular from the group of the gramineae still poses nnxnenyus problems at the presem 
cone. 

Another disadvantage of these alternative .transf ormation systems concerns as before, the 
relatively knir transfdnnation rates, which at tins time have values of 1 to 5%. 

These low transformation rates ™^ it necessary to provide the DNA to be inserted with 
maricets (for exan^b antibiotics teasumce genes), wUch make possible die laind 
selection of die transformants from die large number of untranaf armed cells. 

This means, however, that at die presem time no satisfactory transformation process is 
available, which permits even the commerdaDy efficient and cost efficient production oi 
transgenic plants with novel and useful piu p cn ies, in panieular with regsid to plants of the 
group of monocotvledoneae. 

It is therefore an urgent task to develop processes making possible the rapid, effident and 
reproducible transformation of all plants indq)endentiy of their taxonontic position and tiie 
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peculiarities resulting from iu thereby assuring the effective and economic production of 
transgenic plants, even coznmcrciaUy. 

This is especially tme relative to plants of the group of the monoeotvledoneae . particularly 
those of the family of the gramineae . which includes the economically most inqxirtant 
cultivated plants, such as wheat, barley, rye, oats, com, rice, millet and the like, and which 
thcrefbie are of a very special economic tnterest, particularly as no sadsfactory piocess Is 
available at this time for the preparaiion of transgenic monocotyledonous plants. Initial 
attempts in this direction consist of different, very recently developed transfamanon 
processes based on the insertion of DNA into plant cells included in a higher organized 
unit, such as for exan^le an intact tissue body, an embryo or a whole, con^letely 
developed plant. This involves on the one handAe injection of exogenic DNA into the 
young inflmscence of rye plants (de la Pena & aL. 19S7), and on the other, a vinu; 
infection of com plants, transnrined by Agrobacterium, with "maia streak virus" 
(Grimslcy & aL, 1987). However, these newly developed processes also have their 
disadvantages; thus for example, the process first mentioned above has not been 
reproducible to date. 

An alternative process, again involving the tzansfotmation of plant cells widdn a higher 
organized nmt, is based on the bombardment of said celb widi particles associated with 
the DNA to be transfarmed. The impact of these highly accelerated particles produces 
holes in the cell walls of the cells in^acted, duougfa wfaicfa the panicles enter the cell, 
together with their associated DNA. 

By means of these so-called nn ciopio jectiles a multitude of cells may be reached very 
rapidly. Microprqjectiles have already been used in Hat past for gene transfer (Klem & al, 
1988; Quistou & aL, 1988; EP-A-0 270 356) and were found to be snitable relative to 
certain problem definitions* However, the commercially available ballistic devices arc not 
particulariy snitable for the bombaidment of small tissue areas with correspondingly small 
cells, such as for example in the case of die merisieins. As die metal panicles are fired diy 
in die fcalWerfg processes, aggregates of a few or of many particles are fired which almost 
always tear deep woimds in the spedtnen. This tendency to aggregare is furdwr enhanced 
by the bonding of the DNA on the panicles. 
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Tht gencraUy very high particle velocity of the ballistic processes requires a lai^c working 
distance, which leads to die strong scattering of the panicles. The particle velocity can be 
affected in the known ballisdc methods in large stages wily. It b hardly possible in this 
tnanner to improve the snong scattering of the particles. However, small tissues with 
small cells require dense coverage of die specimen with uniformly distributed individual 
particles in a nanowly liraiied target field, in order to obtain high transfonnataon rates. 
The pulse of the parddes should be as amilar as possible. Lt. it should be possible to 
control the velocity and mass, die particle density on the specimen and die panicie 
velocity very finely, so as to be able to adapt to different tissues. 

SUMMARY OF T HE INVENTION 

These requirements arc satisfied by the process of die invention and by the appsrams 
according to die invention. Advantageous embodiments and f unher develoipments m also 
described. 

According to d» process of die invention, micniprojectiles in die form of particles, in 
particular gold particles, of a highly defined sire are atomized in suspension witii a DN A 
solution by a pressure impact, into a fme fog. The droplets of die fog contain die particles 
and die DNA and are only sligfafly larger tiian die particles tiienasdves. Thefogis 
pressured by die same pressure impact dnough fine pores or capillaries and dicreby 
acceieratrd. Upon impact on die cells, die particles produce holes in die ceU walls and die 
plasma m^mhrane^, dixDu^ which die DN A entrained in die fog droplets is able to enter 
diecells. OnatargBt5iirtoofksstiianlmmjndiameiei,diepaitidedcnsityanddie 
velocity of die particles can be finely controlled widrin wide limiu. The process according 
to die invention can be produced in a technically very simple and cost effective manner 
and can operate very reliably. 

Particulariy suitable and dieacfore prefcixedfor die ^plication of die transfonnarion 
process according to die invention are tissue formations widi few cells, in particular 
mcristematic tissue f onnations, such as diose present for example in die shoot ' 
of plants, in proembryos and embryos or in CBobiyogenic cell culnnes. 
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BRIEF DESCRimOK OF TFfg DRAWINGS 

Other objects and advantages of the pissent invention will become more ^jparent from the 
following detailed descripdon of pisiened embodiments as described widi leferenoe to the 
drawings in which: 

Hg. I shows a fundamental diagram of an exemplaxy embo^tnem of the process 
accotding to the invention; 

Fig. 2 shows a lonptudinal section thnmgfa essendal pans of an appaianis at an enlarged 
scale;and, 

Hg. 3 shows a secdon on the linelll-III of Fig. 2. 

TiVTAX^ pn nESCRgnON OF THE PREFERRED EMB ODIMENTS 

As seen in d» drawing* the apparams of die invention conqnises a kmgitudi^ 
cylindrical pressure chamber I, a subsequent specimen chamber 2» a device 3 for die 
generation of apiessure inipact in the pressure chamber and a suction device to be 
connected with the specimen chamber, for example in the form of a water jet vacuum 
pun^S. 

Theapparattts3togenenteaptessmeiinpactconqnisesaO02gun31 attached to die rear 
end (not shown), togedier witii a OOj supply cylinder 32. In place of a COagun, a 
conqiressedaircyiindermay also be provided- Furthermore, the CX)2 gun may be operated 
widi cartridges, whereby die cylinder 32 may be eliminated. It is merely essendal diat die 
apparatus be capable of genemting highly uiufoim pressure impacts of a pxedetermiiied 
pMig,.;m>4p. in die pressure chamber witlutt a renge of a few bars to s^proximaiely several 
hundred bars, or possibly higher. Further, it should preferably be possible to produce a 
pltnali^ of pressure impacts in succession with a reladvely high repeddon frequency 
(about 1 disdiar^). 
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Thc configuration of the pressure chamber 1 is shown in detail in Fig. 2. It consists 
essentially of a relatively thick- walled, pressure resistant steel tube 11 with a length of 
about SO mm and an internal diameter of about 3 csmt damped into a staticmary support 
block 6 in an approximately horizontal position and capable of xotadon around its 
longitudinal axis A. A locking screw 61 immobilizes the tube 1 1 in its pie vailing position. 

At the rear end of the steel tube 1 1 . to the light in die drawing, the muzzle of the CO^ gun 
31 is attached direcdy, in an appropriate manner (not shown), A taper ring 12 is set into 
the tent end of the ube 1 1 and scaled with an 0 ring. The uper ring reduces the internal 
diameter of the steel tube conically in the dixecdon of its end, by about one-half. 

To the from end of the steel mbe 1 1 or pressure chamber, an essentially cup shaped base 
part 2 1 of the specimen chamber 2, ^ich as a whole is essentially cylindrical, is aoached 
bymeansof a bayonet lock or the Uke, in a sealed and releasable manner. The base 
part 21 is provided with a cylindrical recess 22 to retain a capillary holder 14, by pressing 
it with the insertion of another O ring 15. which seals against the outer frontal snr&ce of 
dieuqierzinglZ. A c^)illaiy 17 is sealed into die capUlaiy holder 14 exacfly flush with 
the iongimdinal axis A of the pressure chamber. The w^illaiy 17 thus connects die 
internal space of the pie ssme chamber 1 with the internal space of the specimen 
chamberl. InodierwordSithepressurechamber 1 opensintoaiestricdonfonnedby the 
ggpiiiary 17. In place of the ca|nllary 17, a resnicdcn in the f oma of a flow diqihragm or 
geneially a pore, may also be provided. 

The spedmen chamber 2 consists of the aibrememioned base pan 21 lesealably mounted 
on the steel tube 1 1 , and another, again essentially cup shi9>ed wall pan 23, attached 
releasably to the base pan 21 , with anodier O ring 24 sealing off the two pans. In the wall 
pan 23, which may be removed ton die base pan 21 , a plate shaped cell holder 25 is 
located, mounted on an elastic suppon arm 25 » made of spring steeL Its flat frontal 
surface 25a, serving to hold the cells to be bombarded in pUce, is placed essentially 
perpendiculartothelongitudinalaxis A of the pressure dtamberl. The cdl holdei 25 
may be ^placed by means of two adjusting screws 27 , located in the removable waU 
part 23 of the specimen chamber 2, in two perpendicular directions ixansvene to the 
longitudiDal axis A of the pressure chamber 1 and therefore adjusted relative to the 
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restriction or capillary 17. The second adjusting screw is perpendicular to the plane of the 
drawing The base pan 21 of the specimen chamber 2 attached to the steel tube 1 1, is 
equipped with a connector fitting 28 for the water jet vacuum pump 5 or another suitable 
suction or evacuating deviee. The connection of the base part 21 and the xemovable wall 
pan 23 is essentially without clearance, so that the position of the cell holder 25 relative to 
the xestricuon 17 cannot vary when the wall pan 23 is removed and replaced. 

In the front pan of the pressure chamber 1, into the jacket of the steel tube 1» a hollow 
nipple 41 is screwed, through which a steel cannula 42 is inserted radially into the stee] 
mbe 11. To secme and seal the steel cannula (external diameter about 0.75 mm, internal 
diameter about 0 J mm) a metal bead 42b fomied on the cannula and a FIFE (teflon) 
gasket 44c are provided. The opening 42a of the steel cannula 42 is located tightly in front 
of the longimdinal axis A of the pressure chamber I, so that a liquid droplet T exiting from 
the cannula 42 (Fig. 1) is located exactly in the longitudinal axis A. 

For purposes d representation, the hollow nipple 41 and the steel carmula 42 air shown in 
Fig. 2 to open vertically from below into the steel tube 1 1. However, in acmal operation 
the cannula 42 opens obliquely from above a: an angle a to the vertical V into the pressure 
chamber 1, as shown in Fig. 3. The angle a may be adjusted as needed by rotating the steel 
mbe 1 1 in the support block 6 (fixation by the fostsning screw 61). 

The steel carmula 42 is connected by means of a cheek valve 43 and a flexible line 44 with 
a metering aggregate, which consists of a metering syringe 45, a spindle drive (roicioujeter 
screw) 46, a st^ motor 47 and an electric control device 49 actuated by a foot switch 4S. 
The metering aggregate, which in itself is conventional and thus requires no further 
explanation, is capable of feeding in a reproducible manner and within wide, adjustable 
limits, liquid volumes (suspension) in the microliter range through the cannula 42 into the 
pressure chamber 1 . widi the liquid (suspension) exhing from the cannula opening 42a in 
droplets. 
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The genoal operating mode of the appannis is as follows: 

The cells to be bombaxded axe fastened with the wall pan 23 of the spedinen chamber 2 
lemoved in a manner eaqilaincd bdow, to the surface 25a of the cell holder 25. The wall 
pan 23 is then set onto the base pan 21 and the specimen chamber 2 evacuated by means 
of the water jet pump 5. Subsequently, the metering apparatus 4 loaded with a DNA 
solution and the mi ciupjoj ectibs suspended tfaerdn in the fonn of very fine gold panicles 
is activated, whereby at the opening 42a of the cannula 42 a suspension droplet T of the 
appropriate size (see the following detailed explanation) is produced. The C02 gun is then 
acmated and a pressuxt impact of a predetennined magninide propagating essentially in . 
the longitudinal direction A of the chamber, produced. This pressure in^iact atomizes the 
su^sension droplet T ;nesent at the caimnla opening 42a into a fine fog containing the goid 
particles and the DK A adh gp»E to it The gold panicles dxus entrain the DNA from the 
liquid phase and take them with diem. The fine fog is now pressured by the pressure 
impact through the restriction formed by the capillary 17 and is thereby considerably 
accelerated. The fog droplets exidng from the capillary 17 containing the gold particles 
with the DNA adhering to them, now impact the cells fixed on the cell holder 25 wi^ a 
very small scatter cone at a high velocity and penetrate them. With a suitable 
dimensioning of the apparatus and of the process parameters, it may always be obtained 
that only one panicle and at the most only a few pardcles penetrate the cells and actually 
remain in them. The qsparams also assures an extzemely high target accuracy (low scaner 
effect). 

The spedmen chamber 2 is (pania]ly)ev8caated. Tlus reduces the friction of the fog 
droplets moving from the zestricdon 17 to the cell holder 25. Further, the droplet size is 
mininuzed and die directional scatter tednced. In addition, the (paniBl} vacuum soesses 
the cell walls, so diat they nuiy be better penetrated by the impacdng particles. 
Convendonal water jet pump vacuums (about 500 mm Hg) are normally adequate, while 
ftar special appUcanons (for cxaxziple in die case of marc resistant cell walls) a Ugfaer 
vacuum (reduced pressure) is possible. 

As mentioned above, the cannula 42 terminates dghdy in fitmt of the longitudinal axis A 
of die ptessme cbamber 1 » so diat die suspension droplet produced at the opening of the 
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cannula opening is located exactly in the longitudinal axis A. In this manner, a dnsplet 
cloud symmetrical relative to the longitudinal axis, which again affects the target accuracy 
and the distribudon of the panicles in the impact area favorably is produced. 

The distance a (Fig. 1) between the opening 42a of the cannula 42 and the fade: opening of 
the c^niaxy 17 or the diaphragm of the poie is leiatively criticaL If this distance is too 
small, not a fog, Le. individual fog droplets, are pressed through the restriction, but a 
dosed liquid filament is passed from the restriction into the q)ecimen chamber. Such a jet 
leads to massive destrucdon of the cells to be bombarded and must be avoided under all 
drcumstancBs. In actual practice, this distance a must tiicrefore amount to at least 
5- 10 mm, with this miiumum value also depending on the dimensions of the otiier parts of 
the ^iparatns and is tiiexrfore to be detenxtined einpiricBlly in aU cases. The woridn^ 
distance b (Fig. 1) between the outlet end of die oqjillary 17 or the restriction in general, 
and die cell holder 25 , Le. the distance covered by the fog droplets in firce flight m the 
vacuum, is less criticaL Practical values are 5 rmn to 5 cm, depending on die type of 
tissue and die nature of die restriction. The working distance affects, by means of die 
friction, (reduced by die partial vacuum) die particle velocity and thzough die scatter, die 
e£fecnve diameter of the target area. A value of approximately 10 tmn has been found to 
be favorable. 

As mentioned above, both a c^nllary or a flow diaphragm, or generally a pore may be 
ttsedasdiexesiriction. As die diaitogni, for example one nade of platinunnridhirn, such 
as those used in electron microsojpy. may be cn^loyed. Tbt opening diameter of the 
diaphragms may be for exao^le from 20 to 500 nucrometen or even up to a 1 mm. 
Diameters of approximately 70*300 mierometets are pmfened. Capillaries may consist of 
glass or a metal (for exan^le steel). The values of die internal diameter are diose dted for 
di^hragms. The capillaries inay be 0.1-20 riiin long, preferred values are widun a rang^ 
of I.O-IO "tm The xatio of the intemal diameter to die lengdi of the capillaries determines 
die flow reastance. Longer cipllazies therefore usually require larger intenaaldiam 
The longer die capillary, die greater die acceleration padi for die fog particles and die 
larger their iBxminal velocity upon their entrance into die specimen chaniber woB be. 

The angle a, at «4nch die cannula 42 is iiiclined relative to die vertical V upon 
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into the prcsstnt cbamber 1 (Fig- 3), may be adjusted by the rotation of the tube 1 in the 
suppon block 6. As the gold panicles with dimensions of about 1.2 um to 13 um aze 
suspended in the DK A sohation sediment without agitation, the angle is adjusted 
preferably in a manner such that with each metered volume essoitially the same number 
of gold panicles exits in the droplet at the opening of the caimuk 42. In die case of 
unfavonible a angles the gold panicles concentrate primarily in the first droplet (a too 
small) or in the last dzoplet (o too large) of a series. The optimum angle depends on the 
panicle size and on the viscosxiy of the solution and must be determined empirically. 

An essendal element of the apparatus is the check valve 43 in the cannula 42 (or in a line 
leading to it). It consists of a quanz valve seat and a sapphire valve ball and is preferably 
oriented in the vertical direction. The check valve 43 is filled, as ait the other pans of the 
metering device 4, with liquid paraf&n (Grade 7174 of the MERCK Co^ Darmstadt, 
Federnl RepubUc of Gemumy) without air bubbles. 

The metering aggregate 45-49 may be of any configuranon, as long as it is capable of 
pumping over a maximum period of time of about 20 s, a volume of about 1 ^1 to a 
maximum of 10 pL In a pracricai configuration, a voliune of 1 |il to a maximum of 4 fU is 
naetered in pumping steps of about 1 nl to about 50 nL Preferably, a 3-way valve is 
provided* whereby a 1 ml syringe tnay be actuated, so thai the paraffin may be refilled 
comfonably and the volume adjusted. 

The suspension containing the gold particles is filled into the cannula 42. (For this, the 
cannula is temp or ari ly removed from the pressure chamber 1). The suspension is 
conveyed indirectly by displacement by the metered liquid paraffin punoped in. Tlte fill 
volume of the caminla 42 widi snspenaon amounts for exaxi^ to apprtsxiinately 3-4 (iL 

The atomizing efieet, i.e. die size of the fog droplets, dq)ends on the magnitode of die 
pressure in^»act in the pressure chamber 1. Tlus size of the pressure impaa also 
detcnsines the gas velocity in the restriction and thus the panicle velocity and its pulse. 
The pressure inqsact ziuiy be between a fiew tens of bars and a few hundreds of bai^ 

particular a value of about 50 bar. 
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The panicle size has a linear effect by means of the mass on the pulse of the panicles. 
Fundamentally, small panicles aie more fevoiable for the survival of the cells impacted. 
On the other hand, large particles are more able to penetrate the cells. The optimum 
partide size must therefore be deteimined experimentally for each type of cell Practical 
particle sizes are between 20 nm to 5 pnu in particular about 1-2 ^m, specifically about 
1^-1.5 urn. 

The materia] of the particles is in itself secondary. However, a high spedfic density and 
great inerda in chemical reactions (inert material) are favorable. It is further favorable 
when the particles are within the narrow size disiribudon, i.c. all of the panicles arc 
essentially of the same size. It is further advantageous in actual pracdce to use particles 
that may be produced in a simple manner, with good reproducibility ^ihin a narrow 
tolerance range in a wide range of sizes. Preferably therefore, gold is used as the material 
for the particles. Gold particles of uniform size may be produced from letrachlorauric acid 
by reduction with photogn^jMc developers in a well iqwoducible manner. By diluting die 
initial solutions, particles with diameien between 5 urn down to the coUoidal range 
(diameters smaller than 5 Mm) may be produced The arrest of the developing process 
widi a fixanve is critical for well reproducible gold particle sizes and for easily water 
soluble reaction products, which must be removed by centrifu gation and washing widi 
water: The finished gold suspensions are autoclaved. 

Arelativeiy critical value is the particle dennty in die su^ension. Qogging suspensions 
cannot be used. Strongly dihited suspenaons yield to many empty droplets and not enough 
hits in tiie cells. There is an optimum in between that roust be determined to the 
corresponding cell types. The objective is to impact tiie highest number of cells with one 
particle onIy» as more particles drastically reduce the chances of survival of die ceDs. A 

practical value is around ICH^ particlei/mL 

The snspoisicni volume possible per "diot" , Le. tiie volume of die droplets provided, 
should be as high as posable. However, if die suspension volume provided per shot is too 
high, flie Kqnid accumulates in the restriction and a closed liquid filament will exit, which 
severely injures the cells. A practical value widi internal diameters of the restifction 
around 100 Mm is a droplet value of about 0.2 ja. A value ofO^fil was found to be too 
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hxgh in this cast. In genual, dxoplei volumes between 10 xil and 500 nl tn&y be used. A 
droplet volume of between SO nl and ISO nl is especially piefuied. 

The DNA concentration in the suspension may be chosen over a wide range between 
satnzation and extreme dilution. For pBIZ21 and pHP23 plasmids for example values 
around 03 M^^l are suitable. The plasnmds may be present in a linearized or 
"supexcoiled" form. In principle, a higher transformation rate may be expected &om a 
higher DNA concentiadon. 

If a XBStriction in the form of a diaphragm is used, the sire of the fog droplets has a 
minimum for a suspension droplet vdume of 0.2 pi at an internal diameter of the 
diaphragm of approximately 70 |im. Small droplets are essential in view of friction in 
flight and the braking effect of the particles upon uapBCt, and the risk of injury at the point 
of impact. The latter is obviously also true for restriction in the form of a capillaiy. The 
size of die fog droplets also dq^ends on die volume of the suspenaon droplets and may be 
affected by it ' 

The DNA to be introduced into the cells is usually freely dissolved in the liquid phase of 
the suspension. However, in certain cases it may be advantageous to naodify the mounting 
of the plasmids on the gold particles for example by means of spermin or lacmfeiin. 

The size of ihe target area, Le. die area widtin which mom tiian 80% of the particles axe 
impacting, depends on die size and nature of the restriction (internal diameter, lengdi of 
capillary, etc), the working distance b and die vacuum. Widi a c^nlkxy with an internal 
diameter of 300 pm and a lengdi of 10 mm, a wotfcing distance of 1 0 mm and dte afore- 
mentioned water Jet pump vacuum, an extremely small target diameter of maximum 
0.7 mm may be obtained. The effective area within which the cells aie impacted and. the 
gold particles penetrate die cells is even smaller. It also depends on the coheaon oi die 
cell walls. The particle density on die target area is a function of die wortang distance, die 
vacuum (scatter), die suspension denaiy of the feed, die iniemal diameter of die restriction 
and die capillary lengdL The particle density on die target area should be adjusted so diat 
as many cdb as posable will be impacted by exacdy one particle. The odier parameters 
must be adjusted to this. 
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As during the bombardmem of the cells a flow of gas exits from the restriction and 
impacts the cells, a secure monnting of them on the cell holder is essential. Forcxanxple, 
2% agarose oc TtamanoK (LkB-TEK Division, Yales Labomiaries, Napervilie IL 60540} 
may be used as die substrate. The agarose is poured in a thickness of 1 mm and contains 
10 mM CaQ2. The cells are bonded to the agarose with 4% alginate. The alginate hardens 
in the presence of Ca^'*' at room temperanire. After about 1 h, pqlymeritation is cotnplete. 
Cells mounted in this manner are not blown away by the gas flow. This mounting process 
may be carried out readily in a sterile manner, is rapid and insures an adequate water 
supply of the ceQs until diey are retransplated onto the medium. 

The process according to the invention is carried out under sterile conditions. The gold 
particles, the DNA solution and all solutions and apparatus parts in contact with the cells 
are maintained sterile by astodaving, sterile filtration or wiping or flushing with 70% 
ethane^ The entire appaiams is located uuier a sterile bench. The pressure chamber and 
the diaphragm or capillary are also flushed from time to time ( 1 to 2 times daily when in 
frequent use) with 70% ethanoL The suspension cannula is in addition occasionally auto- 
claved. In principle, no other sterility ineasures are required. 

As mentioned above, the wall pan 23 of the spedmen chamber may be removed, together 
widi die cell holder 25 and ad^ting screws 27. In this manner the alignment of ibt cells 
m be b om b ar ded relative to the reduction and the longitudinal axis ({nindpal firing 
direction) is very single. A test shot in 2% agar marks die target area. Subsequently, the 
wall part 23 of the specimen chamber is removed and tnounted and oriented and 
positioned in a predetBrmined marmeron a mechanical stage, undcrastereomkrascape. 
The mechanical stage is now adjusted so that the target spot is centrally located in the 
graticule of die ocular lens. The cells can now be aligned by tseans of dte two adjusting 
screws on the graticule and dius on the target area. The alignment may obviously also be 
Carried out in a different manner. 

The advantages of the process according to the invention and of the apparatus are obvious: 
a uniform distribution of individual partides on an extremely small target area is obtained. 
The particle density of on the target area and on the cdls beiqg bomibarded, the pulse of 
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the panicies and the diaroetcr of the target area may be finely conizoQed cyver a wide 
tange. The DN A nnist not be coupled with or precipitated onto the panicles, althou^ this 
is possible. In addition the appaxatos is very shnple to operate and econotmca! in its 
design. 

The process described above for the preparation of oansgenic plants is pan of the present 
invention, together with all of its partial steps. 

The process of the invendon may be applied universally to cells of any plant, xegaidless 
of its taxonoxnic i>ositioa Especially suitable and thus preferred within the scope of the 
present invendon is the use of cells in dssues, especially in tissues with few cells, but in 
particular meristemaiic tissues, such as those pr esen t for exanople in the budding 
meristema of plants, in proembryos and exnbryos or in embryogenic cell cultures. 
Obviously, however, any other suitable plant material may be used in the process of the 
invention, such as for exarriple individual celiSt ^gotes, cell aggregates, plant acgans, 
tissue, callus, etc. 

The process of the present invendon may also be applied to other eucaryontic cells such 
as, for exan^xle, animal cells or fungal cells, which may be isolated or pan of a higher 
organized structure, algal cells, cells of single cell protozoa, etc 

The process of the present invendon may also be applied to procaryontic cells such as 
bacterial cells or ceQs of cyanobacteria. PiefiBrred are bacterial cells selected &om the 
group con^dng of enterobacterial cells, especially E. cbli and Setratia cells, 
AgrobactBcium cells, BadUus cells, especially Bacilhis dinxingtensis and Bacflhis coeus 
cells, Str^iomyces ceUs, Pseudomonas cells, etc. 

As the transforming DKA, both namral DNA sequences and hybrid gene structures 
produced artificially by means of recombinant DN A tecfamques may be applied. 

The broad scope of the invention primarDy covers recombinant DN A molecules, which 
contain DNA sequences leading 10 useful and desirable properdes of the plant 
transfoxmants* 
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Thesft preferably arc rccambinani DNA molecules containing one or several gene 
sequences coding a useful and desirable propeny and subject to the regulatory control of 
expression signals active in the plants, so that an expression of said gene sequences in the 
plant cell transfoimed is assured. 

For use in the process of the invention therefore prinaarily those genes are suitable, which 
are ejqjressed in the plant cell and confer upon the plant a useful and/or desirable property, 
such as for example increased resistance to pathogens (for example agamsi phytopatho^ 
genie fungi, bacteria, viruses, etc.), resistance to chemicals [for example herbicides (for 
example triazines, sulfonylurea, imidazolinones, txiazolpyrimidines. bialaphos, 
glyphosaics. etc.), insecticides or other bioddes], resistance to harmful (endaphic or 
atmospheric) environmental effects (for example heat, cold, wind, in parricular eatirerae 
sdl characteristics, humidity, dryness, osmotic sness, etc.), or lead to the increased or 
improved formation of reserve or stored substances in leaves, seeds, mbers, roots, stems, 
etc. The desirable substances potentially produced by trans^ plants include for 
example proteins, starches, sugar, amino adds, alkaloids, scents, fats, etc. 

Similarly, genes may be introduced by the process of the invemion, which code pharma- 
ceutically acceptable active substances, such as alkaloids, steroids, hormones, immun- 
modnlators and other physitdogically active substances. 

Resistance against cytotoxins, for exan^le, may be obtained by die transfer of a gene 

which codes an enryme expressed in the plam ceU. which detoxifies tte 

for example neomyciiiphosi^otransfbrase Type S or anunoglycosid. phophoiransferase 

Type IV, which contribute to die detoxification of kanamydn, hygramydn and other 

aminoglycosidanribiodcs, or a glutariiion-S-transferase, cytochiwn P-450 or other 

catabdicaHy effective enzymes, «*ich are known to det^ 

other hexWddes, Resistance to cytotoxins can also be transferred by a gene, which 

expresses in the plant a certain form of a "target enzyme" Oocation of the attack by the 

cytotoxin), which is resistant against die activity of the cytotoxin, sudi as forexanqile a 

variant of acetohydroxyaddsyndiase, which is insensitive to die mhibiting action of 

sulfonyhneas. jmirtarrf^^'^ or other herbirides interacting widi this specific metabolic 
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Step; or a variani of EPSP synthast, which has been shown to be insensitive to the 
inhibiting acrion of glyphosates. It may be advantageous to express these modified target 
enzymes in a fionn making possible thear transpoit into the conect ceUnlarconspaztment, 
such as for example in fhe ^ove case into the cUomplasts. 

In cenain cases, it may be of further advantage to direct the gene products into the 
mitochondria, the vacuola, the endf^asmatic reticulum or odier cell regions, possibly 
even into the interceUulBr spaces (apoplasts). 

Resistance against cenain classes of fungi may be obtained for example by the intro- 
ducdon of a gene, diat expresses chitinases in the plant dssues. Numerous plant 
pathogenic fungi contain chitin as an integral componeni of their hypha and spore 
structure, such as for example the basidiomycetes (smut and mildew fungi), ascomycetes 
and fungi imperfccti (including Altemaiia and Bipolaris, Exerophilum turcicum, 
Collctotricum, Gleoccicospara, Cercospora). Chidnasc may be inhibited in the position of 
the pathogens determining mycel growth in vitro. A plant leaf or a root, which expresses 
chitinase consdtud vely or as a lesponse to the infiitranon of die padiogen. is protected 
against the anarV of numerous different fungi. Depending on the simation, a constitutive 
expression may be advantageous cornpared to an inducible expression. v*ich appean in 
many plants as a normal reaction to a pathogenic aiiack, as c hitin a se is presem 
immediately in a high concentration* widtom having to await a lag phase for a new 
syntheas. 

Reastance to iiisects may be transferred for example by a gene eodiqg a pdypepc^ 
which is toxic for insects and/or their larvae, such as for exanq>le the crystalline protein of 
Bacillus diuringiensis. A second class of proteins transfeixing resistance to proteins are 
the protease inhibitors. Proteaseinhlbitorsnsnally are a common ccanponent of vegetable 
storage strucnncs. It has been shown diai a Bowman-Bxiic protease inhibitor isolated from 
soy beans and purified, mhibits the intestine protease of Tenebrio larvae [Biik & al 
(1963)J. Ibe gene coding the irypsinininlubitar from cow peas is described by 

mider&al. (1987). 

For use in die process according to d» invention dicrefbre primarily diose genes are 
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suitable, which lead to a protective effect in the transfonziBd cells, the tissues developed 
from thsm particularly in die plants, such as for cxsiapk an enhanced jcsistanoe to 
patfaogeas (for example phyiCFpathogenic fungi, bacteria, viruses, etc.)* to chemicals [for 
exan^le herbicides (for exanqjle triarines, sulfonylureas, imidazolinones, triazol- 
pyiimidines, bialaphos, glyphosates, etc.), insecticides and other biocide^] ; resistance to 
harmful (endophatic or atmospheric) envizonmental effects (for example heat, cold, wind, 
unfavorable soil conditions, hunoidity, dryness, etc). 

Genes used within the scope of the present invention may for exan^ also include those 
leading to an increased formation ctf reserve or stored substances in leaves, seeds, tubers, 
roots, stems, etc The desirable substances potentially produced by transgenic plants 
include for example proteins, starches, sugar, amino acids, alkaloids, flavines, scents, 
colorants, fats, etc 

Similariy, genes may be innoduced by the process of the invcntioa, which code phanna- 
ceutically acceptable active substances, sudi as alkaloids, steroids, hormo ne s, manun- 
modulators and other physiologically active substances. 

The genes that may be considered within the scope of the presem invention thus include 
known genes, but without being restricted to them, for example plant specific genes, such 
as the zein gene from com, the avenin gene from oais, the glutelin gene from rice, 
m^ f pm^l specific genes such as the insulin geite, the somatostatin gene, the interleucin 
gene, die t-PA gene, etc or genes of a microbial origin, sncfa as the NFT n gene, etc, 
togeter with synthetic genes, such as the insulin gene, etc 

In addition to naturally occurring strucniral genes, which code a useful and d es i rable 
property , genes inodified in a specific marmer by chemical or genetic enpneering methods 
nuy also be used in the invention. 

Furthermore, the broad concept of the invention also coxnprises genes entirely prepared by 
diemical syntfaeas. As genes or DNA sequences suitable for use wi^ the present 
invention tiiereforr both homologous and heterologous genes or DNA may be enq)loyed. 
together with syndietic genes or DN A. As exan^le of a synthetic gene, the insulin gene is 
tnennoncd. 



.18-" 



Within tht scope of the present invention funhcr the so-caUed "antj-scnse" DNA may also 
be used; they lead in an opeiaWe combinatiDn witii expression signals active in plant cells 
10 the produciioii of a RNA molecule, which is complcnieniary to at least part of a mRNA 
coded by a "sense" I>NA and is therefore capable of binding it In this manner, the trans- 
ladon of a certain mRNA into die corresponding protein may be inhibited or at least 
lesiricied, so tat theie now exists a procedure whereby the effective a»tr6l of the gene 
expression of selected genes in a plant is possible. 

The DN A sequences usable in the present invention may be constructed exclusively from 
^omic cDNA or synthetic DN A. Another possibility is the construction of a hybrid 
DNA sequence consisting of both cDNA and also a genomic DNA and/or synthetic DNA. 

In this case the cDN A may originatB from the sanae gene as the genomic DNA, or both the 
cDN A and the genomic DNA may originate from diffaeni genes. In boA cases, however, 
both the genomic DNA and/or the cDN A, each in itself, may be prepared from the same or 
from different genes* 

If the DNA sequence contains ponions of more than one gene, said genes may originate 
from one and the same organism, from several organisms belonging to different strains or 
varieties of the same type or to diffoent species of the same genus, or from organisms 
bdonging to moic then one gemis of the same or another taxoooimc m± 

In order to ensure &e expressioD of S9ud structural genes in the plant cell, it is 
advantageous if the coding gone sequences are first linked in an cpeaWe manner wiA 
expression sequences capable of functioning in plant cells. 

Every promoter and even^ tenotaator capable of effecting an induction of the expression 
of a coding DNA sequence (structural gene), may be used as a constituent of tiie hybrid 
gene sequence. Espedally suitable are expression signals originating from genes of plants 
or plant viruses. Examples «rf suitable promoters and lerminaion are those of tiie 
cauliflower mosaic virus gene (CaMV) or homologous DNA sequences, which stiU cxhiWi 
the diaiBcteiistic properties of said expcssionagnais. Bacterial expressicm signals are 
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also suitable* ixi particular the expression signals of the nopaline-synthase gene (nos) or of 
the ociopin-synthase gene (ocs) from the Ti plasmids of Agrobacterium tumefaciens. 

PrcfiexTtd in this invention are the 3SS and 19S expression signals of the CaMV genome or 
their homologs, isolated by means of molecular biological methods, such as those 
described for example by Maniatis & aL (19S2), from said genes and linked to the coding 
DNA sequence. 

Homologs of the 35S and 19S esqiression signals are defined within the present expression 
as sequences, v/tddh in spite of sliglit sequence differences, are essentially homologous to . 
the bridal sequences and p erfo nn the same fnncdons. 

Accoxding to dse invention the starting tnaierial fior the 3SS transcripdon contzol 
sequences, for example the Seal fragment of the CaMV strain which includes the 
nudeoddes 6808-7632 of the gene card [Frank G. & al (1980)], tnay be used. 

The 19S pfomoter and 5* ttot-ttasslated region is located to a gKKnne fisgment betwees 
the PstI (Posidon 5386) and the HindllT posidon (Posidon 5850) of the CaMV gene card 
[Hohn &, al (1982)). The oosresponding tenninatar and 3* not translated region is located 
on en Eocd^V^gin tegtnem between Position 7342 and 7643 of the CaMV genome. 

Further piefeue d in the present invention are the expression signals of the CaMV strain 
CM 1841, die complete nndeodde sequence of which is described by Gardner & aL 
(1981). 

Anodier effective representative of a plant promoter that may be used, is an overproducmg 
plam pioinoter. Tins type of proinoier shoal4 to the extent that it is linked in an 
manner with the gene sequence coding die gene product desiredL be able to tiaBsfer 
expression of said gene sequence. 

Overprodudng plant promoters, which are used within the present invention, include die 
promoter of die small subunit (as) of the ribulose* l,5-bispho5phate-caiboxylBse fxam 
soybeans, togedier with die promoter ciftixechkHophyU-a/b-biiulingpro^^ These two 
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promoters are known for their property that they are induced in eucaryontic plain ceUs by 
light [see for 8Mn?>le Genedc Engineering of Plants, an Agriculmal Psrspeoive, 
Cashmore, A. (1983)]. 

Additional regulatory DNA sequences that may be used for the construction of chiinaeric 
genes comprise, for exaniple. setinenees capable of legtilanng the tianscription of an 
assodatedDNA sequence in plant tissue in the sense of an induction or rqjresMon. 

There are for exanyle individual plant genes of which it is Icnown thaiihey aie induced by 
different internal and external factors, such as plant hormones. he« shock. chemicaU, 

pathogens, lack of oxygen. li^U etc 

As an example of the regulation of genes by a plant hoamone. mention should be made of 
abscisie acid (ABS) which is known to induce the excess in mRNAs in cotton during die 
Uitc embryonal phase. Anodier example is gibbemffic add (GA3), which induces malat 
synthase transcripts in castor beans and in the aleuron layers of bailey, isoenzymes of 
o- amy last. 

The activity of glucanase and chitinase in bean leaves can be increased appreciably by 
treannem with the stress hormone ethylene. Fordritinase.thisinducniooeffeais 
contndled by means of the promoter of die chitinase gene, which has been shown by 
reporter experiments using a promoter from the chitinase gene of beans (Phaseolns 
vulgaris). 

The regulation of heat shock sensitive protein genes of s«?ybeans has been investigated in 
detail AtrBatn«mforseveralhoutsof*ephBitsai40^ieiutedinAedenaw) 
synthesis of scwaUedheatahockpiotelni. NnnwousgBMS were istflated in the meantime 
and theirregulation analyied in detail The ejqiresrion of these genes are conirolled 
primarily at the transcription level H. forexan^te. the promoter of tiie hps70 gene is 
fused with the neomydnphosphottansftsKe n (NFT n) gene, the dnmeral gene obtained 

in this manner maybe induced by a heat shock (Spena & al. 1985). Anotiier class of 
genes that may be induced in plants contains the Ught legularing genes, in particular ti» 
nuclear coded gene of die small subunit of ribulose-W-Wsirtmsphatecaiboxylase 
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(RUBISCO). Moxrlli 8l al (1985) have shown thai the 5' flankinf sequence of a 
RUBISCO gene frtmi peas is capable of nnsfening light inducibilsty to a leponer gene, if 
it is combined in a chimezic fonn with said sequence. This observation was extended to 
other light induced genes, such as far example the chlorophyll a/b binding protein. 

The alcohol dehydrogenase genes (adh*gene) of com weie the object of intensive 
investigations. The adhl-s gene was isolated from com and it was shown that a pan of the 
5* flanking DNA is capable of inducing the expxession of a chizneric rcparter gene (for 
exaxnple cMonmi^enicol aceQrl sansfezase; CAT), if the tempozaiily transfornied tissue 
was exposed id anaerobic conditions [Howard & al (1987)]. 

Another group of DK A sequences that may be regulated concenis chemically regulated 
sequences, which am present for example in the PR (*^thogeDeas related proteins") 
protein genes of tobacco and may be induced by means of chemical regulators. 

The regulable DNA sequences died above as examples may be both of natural or 
synthetic origin or may consist of a mixtme of natural and synthedc DNA sequences. 

Tlie various sequence secdons may be linked to one another means of methods known per 
seto form complete DNA sequence exptesablem plant cells. Suitable mediods include 
for exanaple the in vivo recombination of DNA sequences having homologous sections, 
and the in vitro linking of testricQons izagments. 

Hybrid gene construction may be amplified very rapidly and simply by splicing mto a 
suitable cloning vector and subsequent transformation of an appropriate host celL 

As cloning vectors, generally plasmid or virus (bacteriophage) vectors with zcplicadon 
and control sequences originadng in species that are compadble with the host cell, are 
used. 

Tht cloning vector usuaDy caziies a replicaii(» ongin and specific genes leading m 
pheootypical selcctian cfaaxacteristics in the transformed host cell, in particular to 
resistance to antiluotica or certain herbiddea. Ibe tzansfozmed vectozs iziay be selected by 
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means of these phenotypical xnarkcn after a transfonoation in a host celL 

Seleaable phenotypical markers that may be used within the present invention include for 
example resistance against ampicillin, tetxacyclinev hygroroycin, kanamycin, metho- 
titxate, G41S and neoniydn, without limiting the object of the invention. 

As host cells within the invention pxokaiyonts may be used, including bacterial hosts, such 
as for example A. mtnefadens, E. coli, S. typhimurium and Serratia maxcescens, together 
with cyanobacteria. Bukaryontic hosts, such as yeasts, mycel forming fungi and plant 
cells may also be used in the invention. The hybrid gene consnuction is spliced into a 
suitable doiung vector by tneans of standard methods, soch as described for example by 
Maniatis&a](1982). 

In the process, the vector and the DNA sequence to be spliced in is inidally cut by means 
of suitable restriction enzymes. Suitable testricdon enzymes are for example those which 
yield fragments with blunt ends, such as for example Smal, Hpal and EcoRV, or else 
enzymes which form cohesive ends, for example EcoRI, Sad and BamHL 

Both fragments mth blunt ends and those with cohesive ends that aie con^lementary 
relative to each other, may be linked again using suitable DNA ligases in fonn of a 
continuous uniform DNA ixx>lecule. 

Bltmt ends may also be pnxiuced by treating DNA fragments with overhanging cohesive 
ends with the Klenow fragment of £. coll DNA polymerase by filling the gaps with the 
corresponding complementary nucleotides. 

Cohesive ends, on the other hand, may be prepared anifidslly, for example by die 

attachment of complementary homopolymer tails to the ends of a DNA se q u en ce desired 

and the cm vector ixiolecnle, iising a lermanal demcynucleoddyl transf^ 

addition of synthetic oligontsdeotid sequences Clinker), carrying a restriction cleavage site 

and subsequent cutting with the conesponding enzyme. The dotting vector and the host 

ceU Dsnsformed by the vector are usuaQy eniployed to increase the copy 

vector. With a higher copy nninber it is posabte ID isolate the vector canyangifae hybrid 
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gcne construction and prepare it for example for ihe introduction of the chimeric gene 
sequence into the plant cell 

In a further process step diese plasmids are used to insert the structural gene coding for the 
gene produa desired or the non-coding DN A sequences with a regulatory function, for 
exan^le an "anti-sense" DNA, into the plant cell and. opdonaliy, to integrate it into the 
plant genome. 

Anodier object of the present invention therefore concerns the preparadon of recipient 
cells of plants containing the said strucural genes or other desirable genes or gene 
fragments or other useful DNA sequences incorporaiBd into thar genome. 

The broad concept of the invendon thus also covets transgenic plants, in particular 
transgenic fertile plants transformed by tseans of die aforedescribed process of the 
invention and their asexual and/or sexual progeny, which still display the new and 
desirable propeny or properties due to the aansformatian of the mother plant. 

The expression "asexual or sexual prpgeny of transgenic plants" therefore includes by 
definition according to the invention all mutants and variants obtainable by ineans of 
known processes, such as for exan^le cell fusion or imitant selection and which sdll 
exhilut the characteristic properties of the initial transformed plant, togedier widi all 
crossing and fusion pitxincts of the transfoimed plant material 

Another object of the invendon cortcems die proliferation material of transgenic plants. 

The proliferation material of transgenic plants is defined reladve to the invendon as any 
plant material that may be propagated sexuaDy or asexually in vivo or in vitro. 
Particulariy prefeiied within die scope of die present invention are protoplasts, ceDs, calli, 
dssues, organs, seeds, embryos, pollen, egg cells, zygotes, togedier with any olher 
propagating material obtained from transgenic plants. 

Parts of plants, such as for example flowen, stems, fruits, leaves, roots origiruuing in 
transgenic plants or their progeny previously ttansfonned by means of die process of die 
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invendoQ and thnrfort consisting at least in part of transgenic cells, are aiso an object of 
the pxesent invention. 

The process accottling to the invention is snitabte for the transfonxiation of all plants, in 
particular those of the systematic groups Angiospermae and Gynmospsnnae. Among the 
Gymnospennae the plants of the class of the Coniferae are or particular interest 

Among the Angiospermae, in addition to the deciduous trees and bushes, plants of the 
families of the Solanaceae, Crudferaei Compositae, Uliaceae, Vxtaceae, Cfaenopodtaceae, 
Rtttaceae, AUiaceae. Amaryllidaceae, Orchidaceae, Palmae, Bromeliaceae, Rubiaceae, 
Theaceae, Musaceae, Malvaceae or Gramineae and of the order of Leguminosae and here 
in particular those of the family of Papilionaceae, w of special interest. Prefened are 
TBpresentadves of the families of Solanaceae, ^ciferae and Gramineae. 

The target cultures within the scope of the present invention incbde for example those 
selected from the series of: Fragaria, Lotus, Medicago, Onohrychis, Trifolium, Trigonella, 
\^igna. Qtrus, Linum. Geranium, Manihot, Daucus, Arabidopsis, Bxassica, Rapfaanus, 
Sutapis, Atropa. Capsicum, Datura, Hyoscyamns, Lycopexsion, Ktootxana* Solannm. 
Petunia, Solanum, Petunia, Digitalis, Majocana, Ochorium, Hdianthus, Lactuca, Bromus, 
Gossypium, Asparagus. Antinfainum, Hemenxallis, Nemesia, Pelargonium, Panicum, 
Pennisetum. Ranunculus, Senecto* Salpigloissis» Cucimiis, Browallia, Glydiie. Lblium* 
Zea, Tiiticum, Sorghum, ^xxnoeca, Passiflora, Cyclamen, Malus, Prunus, Rosa, Rubus, 
Pqpulus, Santalum, Allium^ T Narcissus, Ananas, Axachis, Phaseolns and Pisuxn. 

Particularly suitable and thus jucfeu ed for the appIicBtion of die process according to the 
invention are embryonal and/or meristematic structures, which nuiy be present isolated or 
in die tissue of dte entire plant. Ai a legencradon of entire plants begiiming with 
embryonal and/or meristematie structures baa, in the nsan time, also become possible for 
nuiterous monoco^l plants, the following plants may also be used witfain the present 
invention: Lolinm. Zea, Triticum, Sorghum, Sacchanim, Brom u s. Oxyzae, Avena, 
Hofdsnm, Secale and Setazia. 
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Matmc plants that have been raised from nansfomied plant cells, are crossed witli 
themselves for the produaion of seeds. Some of the seeds coniain the genes coding for 
the useful and dssixable property, in a proportion exactly following the established laws of 
heredity. These seeds can be tised for the production of transgenic plants. 

Homozygonc lines may be obtained by repeated self-pollination and the production of 
inbred lines. Ibese infaxed lines may then be used to produce hybrids. In this process an 
inbred line containing die said foreign genes is crossed with anotiier inbred line for 
production. 

Following die general description of tise pr e sen t invention, reference is now made to 
specific exaxx^s to illostrate the invention without limitation, except whexe specifically 
indicated. 

Non-limiting exemplary embodiments 

1. PRODUCTION OF DNA/GOLDPARHCLE SUSPENSION 
1.1 Plastnid 

Id the following transformation cxpamssaxs Flasmid pBI221 is used, which expresses a 
^glucuronidase enzyme. This plasmid may be obtained from CLONTBCH, Palo Alto, 
CA and from GENQFir.Oeiieva. Detailed data concenung its snrucuie and composition 
are contained in a publication by Jefiierson & al ( 1986>. 

In the transfomution described in detail in die faUowing Plasmid pBI221 is used in a 
*'super-cailed" configuration in a concentration of appXDX. 1,25 ^g DNA/)il 1^0. Hie 
DN A solution is stared at -20^C and defitosted shortly bef oxe use. 
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1.2 Preparation of the eold panicles 

To 10 ml of an aqueous solution of 1% tetiachlorauric acid [H(AuG2) * ^^2^ Merck 
No. 1582] in an acutely tapering 15 ml plastic centrifugal tube, 200 pi of a photographic 
developer (for esuniple "Rondial*!, undiluted (AGFA) are rapidly (c 10 s) added by 
pipette. The entixe initiBl mixture is then briefly shaken. Following an incubation period of 
30 s at room temperature the reduction reacdon is arrested by the addidon of 2 ml of a 
photographic fixer [for example **Ilfbspeed*', comrnercially available master solodon, 
diluted 1 4 distilled HjO; Bftird foto AO). 

The suspension is then centrifoged 5 min at 2J1 k x g, [swing-out rotor, for example Vhrist 
Labof uge, HERAEUS) the excess discarded and the residue xesuspended in 1.5 ml H2O 
and transfened into an Bppendazf vessel The residual fixer salt is washed out by means 
of a second cenirifugation (3 min at 10 k x g, Eppendorf centrifuge, fixed angle rotor). 
The residue is resuspended in LI ml HjO and subsequendy autoclaved in two aiiquots at 
lbarandl20»C 

The autoclaved suspension contains 03{±D.l) x lO' gold partidesymL The mean paidcb 
diameter is 1.6 ± 0.01 ^m (standard error of the mean value), widi a maximum pardde 
diameter of 2Jpm (one particle of i^^prox. 50). The autoclaved suspension is stored in 
the refrigerator and resu^iended sfaonly before use only. 

1.3 DNA/gold Panicle mixture 

Immediately prior to use the following ccnxiponenis are pipetted togedien 

3 III pBI221 "supetcdied" DNA 
6 ^l goki suspension 
1 (U 100 mM tris-HCl, pH 7.0 
l»il ImMNa-EDTA 

The comrol consists of a solution of the same composition, but containing instead of the 
pBX221 plasmid, water. In one of the experiments die gold suspension is diluted 1 4- 9 
with water. 
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2. PREPARATION OF THE PLANT MATERIAL TO BE TRANSFORMS 
Z.l Con> embryos 

The cmbiyos arc isolated shortly before tnaturity from the still unripe com kernels and 
placed on a medium according to Murashige & Skoog (1962) [Table 1] in small Petri 
dishes. 

2-2 Mounting of the com embryos 

2% agarose with 10 mM CaCl2 aw poured on small sterile Thermanox plates 
[22 X 60 mm. Miles Laboraiories, Napendlle, USA] so that a unifonn, approx. 1 mm thick 
agarose layer is fonned. The embryos are then mounted by of a drop (< 10 pi) 4% 
alginate [for example filler sterilized sodium alginate, Fluka No. 7123S] on the agarose, 
wherein care must be taken thai the scutellum is directed upwards. The alginate is 
hardened prior to the bombardment for 2-3 h in a humid chamber. 

The embryos may be mounted in different manners. A process whereby the enibryos are 
taken ton ifae nutrient solution by means of a wire loop and adhesively bonded, following 
the removal of the excess Hquid, with the aid a filter paper, under a siereomiciDScc^ 
onto the agarose substrate. The excess alginate is suctioned off with a sterile filter paper. 
Subsequently* the aigiiute is hardened for 2-3 b in a htmiid chamber. More than 40 
embryos may be mounted on an agarose substrate adjacent to each other. 

Immediately preceding the bombardment the agarose substrate Is cut with a scalpel so diat 
each of the embryos xtuiy be set individually, together with its agarose substrate, on a 
sterile microscope slide. THe latter is then Inserted into the spedmen chamber in place of 
the device 23 of the apparams described in detail above. By the plication of a water jet 
pump vacuum the slide is sucdoned onto the apparatus together with the exnbryo placed on 
it, but remains displaceable. 
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3. BOMBARDING PROCESS 

3.1 TarRctinR 

A stadonary graticule marks the extension of die shooting axis^ By setting the graticuie 
t]pon the opening and moving die slide, d» embryo is brought into the axis. 

3.2 Loading of the cannula 

To load the cannula described in detail above, it is temporarily removed from the pressure, 
chamber 1. The paraffin (MERCK No. 7174) acdng as the dispiaceroem liquid in die 
metering aggregate 45-49 is driven forward undl the meniscus appean at the opening of 
the cannula. A 1 \il drop of the ready solution is placed on it with the pipette and drawn 
into the cannula by means of the metering aggregate 45*49. The cannula holds 2 to 3 ^1 of 
the suspension. When the last drop placed as described above has disappeared entirely in 
the cannula, the suspensicm meniscus is moved forward undl it is flat witij the end of the 
cannula and the laner is then screwed into the pressure chamber 1. 

3.3 Shoodng die suspension containing the DNA/eold particles into the co m embrvos 

For the shooting of the suspension containing the DK A and the gold panicles into die com 
embiy OS, the f oDowing parameten are set on die apparatns according to the invention: 

- evacuation of the specimen chamber 2 by means of a water jet pump (apptox. 500 
mbar). 

- COjpressute during shot: 57 barat20"C. 

- duration of individual shot 2 ms, 

. working distance (opening 42a of the cannula 42 to the specimen): 10 mm 

- capillary (17): ^ass capillary with a lexigth of 10mm and a diameter of 300 um 

- angle a between die cannula and die vertical: 90^ 

- number of shots per embryo: 1 ar5 (Table 2), 

- charge vcAimie per einbryo: 0^ A 

- mode: a) 1 shoe 0^ |d suspension (^charge) 1 shot 
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b) 5 shots: 0.1 >il suspension charge) — " 2 shots 

0.1 ^ suspension (s char^) 3 shots 

4. aJLTTVATION OF THE EMBRYOS TRANSFORMED 

Following the bombardzsent with the suspension containing the DN A and the pazticles» 
the embryo is taken from the alginate and cultivated in a medium according to 
Murashige & Skoog (Table 1). In the process, 5 to 7 embryos are set on 0^ ml medium in 
recesses of tissue culnne plates (with cover) [Costar plates widi 24 recesses (diameter 
16 nun); COSTAR, Cambridge* USA]. Advantageously, embryos are placed in iht inner . 
recesses only, while the outer ones are filled widi 1 m} water each, so that the entire 
system serves as a humid chamber, Tht embryos are culnvaced for 48 h at room 
temperature and day light [supplemented by ani&cial light: OSRAM L 36 W/T? Fluora at 
a distance of 15 cm). 

5. GUS -GLUCURONn>ASE) DETECnON 

The transient expression of die O-gnctnomdase gene is detected by a modificanon of the 
process described by Mendel & al (198^. 

Reactioi^ solutions: 

Solution (a): 



Individual 
Components 



Master 
Solution 



Volume 



Innal 

Concentration 



K/Na phosphate 
phosphate buffer 
(pH7.0) 

Na-EDTA 

Triton-X 

Potassiam fenic 
Cyanide n 



100 Mm 
1.0% 

SOxnM 



OJM 

500^1 
500 Ml 

500 Ml 



1000 Ml 0.1 M 

10 mM 
0.1% 

5mM 
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Potassium feiric 

Cyanide ni 50 mM 500^1 5 mM 

K2O 2000 ^I 

Solution (b): 

Substrate solution consisting of: 5 mg 5-bron>4-dilor-indole-3-yl-^D-giucoronic acid 
(Qontech Laboiataiies» Palo Alto USA) dissolved in 50 ^l dimediylfotxnamide. This 
substrate solution is always prepared freshly. 

Solution (c): 

Soludons (a) and (b) art mbced together and used immediately for GUS detection. In a 
deviation from Mendel & al (1989) this leads to a substrate concentradon of 0.1%. 

For GUS detfiCDon« initially the nutrient solution surrounding the embryos is icmoved 
with a pipette from the recesses of the dssue cultnie plates and iqilaced in each case with 
03 xnl solution (c) (sufficient for 5 to 7 eiBbryos each). The dosed culure plate is then 
incubated for 24 fa at 37'C in an incubator. 

After 24 h, blue spots aie seen on the embxyos, indicating the presence of GUS acdvity in 
the embryonal cells. The spots are counted under a siereomicxoscope. Table 2 lists the 
results of a representative experiment, with up to 14 spots being counted on positive 
embryos. Controls were negative without excepdon. 

6. TRANSFORMATION OF BACIERIA 

6. 1 Tiansftarmation of E. coli cells 

Eschexicfaia cdi cdls of stndn JMlOl [Yanisch-Pemn et al (1985)] axe grown on a 
routine medium such as. for example, a LM-medium [Miller JH (1977)] over 
nitrocellulose filters. The filters are cut into squares of about 0.5 cm and layered on top of 
an equally sized piece of 2 % agarose for shoodng. 
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The probe is inserted into the specimen chamber as described in Example 2.2. For 
shooting of the suspension containing the pUClS plasmid [MeiiB and Messing (19S2) 
DN A and the gold panicles to the bacterial cells, the following parameters are set on the 
apparatus according to the invention and remain unchanged throDghout the experiments: 

- evacuation of the specimen chamber 2 by means of a water jet pun^ (appiox. 900 
mbar), 

- C02pressue during shoe 55 bar at 20^, 
. duration of individual shot: 2 ms, 

- woddng distance (opening 42a of the cannula 42 to the specimen): see table 1 

. capiUaxy (17): glass c^iUary with a tength of 10 mm and a diameter of 200 um 

• angle a between dse cannula and the vettical: 45" 

• mode: shots are dixected to 3 places on each filter square with 3 shots [20 nl of 
DNA^)ajticle suspension per shot] to each place 

The concentration of the DHA and the panicles in the suspension, the size of the particles 
and the working distance is changed dming the C3q)erimentt according to table I. 

After shooting, the samples arc incubated for one hour in a fiqmd LM-medinm in order to 
remove the bacteria from the filter. Thereafter the bacterial suspension is plated onto a 
soHd LM-medium, which is supplemented with ampidllin [100 ^g/mQ for selection and 
with 1.5% agar. After incubation for 24 hours, the colonies are counted (see table 1). A 
selection of the positive colonies aie analysed for the plasnxid content Plasmid is isolated 
from the bacteria and run on a geL The size of the DN A is determined in cooqnrison to a 
molecahr weight tnazker [BRL; Betfaseda Reseaich Laboratoiies life Techncdgies; # 5615 
SA/5B] and a standard plasmid [pUClB cut with BamHl; 2.7 kbp]. AS of the tested 
positive colonies contained the CQtxect plasmid pUC 18 

Contnds are shot with pianicles but widiont DN A csr incubated in a stnplus of DN A 
without shoodog. The ccmtreis were entirely negative. 

Since the diameter of die bacteria is smaller than die particle size, it is very unlikely that 



2032443 



21489-B146 

-32- 

cslis, which took up a paniciet axe able to survive. It is to be assumed, therefore, that in 
case of a transgenic event, the particles just saatched the cell waBs and the membranes 
and alidwed the plasmid m flow in through a small opening which was closed afterwards 
and thai the gold paniele was left outside. 

The above described processes for cultivadng Ecoli and for isolating and dharacterizing 
£. coli piasmids are standazd procedures that are well known to the man skilled in the an 
and thtt are described in detail in Mamatis er of (19S2). 

6. T3UUISFOIUUITZC3H OF TOBACCO CELLS FROM KZCBOKALLl WZTB THE 
KEDMYCZN PH0SPH0TRMSFEBA5E GENE 

In analogy to the prooess teacrlbttd in exan^lei 1 to 5 tobacco 
callus Ifl transforBOd with a neonycln phosphotransferase gene. 
The stable integration of the gene into the plant genome was 
verified by Southern blot analysis. 

7. TABLES 



« 13311 
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Tablfc 1: Hormone-fTee medium according to Muxashige &, Skoog (1962) [MSO-2 
niediuro;pH5.8] 



individiia] components 


ConcentratioD [mgll] 


CaOj X 2H2O 


440 


NH4NO3 


1650 


KNO3 


1900 


KI 


0.83 


C0CL2 ^ 


0.025 


KH2PO4 


170 


HjBO, 


6^ 


Na2Mo04x2Hp 


0.25 


MgS04x7H20 


370 


MnS04x4H20 


223 


CUSO4 X 5H2P 


0.025 


2nS04 X 7H2O 


8.6 


FCSO4 X 7H2O 


27.85 


NajEDTA 


3n25 


Glycine 


2.0 


InositB 


100 


Nicotinic acid 


OJ 


Pyzidoxine HQ 


OS 


Thiainine HQ 


0.1 


Saccharose 


20.000 
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Table 2: Results of the transfonnation experiments described in Esamplcs 1 to 5 







Number of embryos 


tiTii III* akf 


Tmisfonnation 






nested 


iransfonDBtns 


frequency [ % ) 














pBUZl 




15 


1 




1) 


6 


2) 


18 


9 


50 


3) 


23 


5 


22 












Controls 










1) 


8 


0 


0 


2) 


11 


0 


0 


3) 


20 


0 


. 0 



Table 2 lists dvee independent experiments: 

1) In Expehinenti the particle concentmdon in the suspension is about (13 X 10^ pm/ul 



In this case only one shot was fired wi± a suspension volume of 0^ pL 

2} In Experiment 2 die pardde concentration in the suspension is about a3x 10^ pan^ 

A suspension volume of 2 X 0.1 |tl is distributed over S shots. 

3) In Experiment 3 the particle concentration in the suspension is about 0.3 x 10^ pan/^L 
A suspension volume of 2 xO.1 \sl is distributed over 5 shots. 



M. . jazik 
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Table 3: Results of the txansfonnadoD experiments described in Examples 6 



Table 3: 


















Parameter 












Results 




# a 


b 


c 


d 


e 


f 


g 


h 


i 


13/1 7 


63 


03 


1.0 


Ix 


10 


0 


0 


0 


13/2 9 


72 


IJ 


13 


lOx 


7 


6 


50 


2 


13/3 18 


162 


5.0 


13 


lOx 


3 


42 


S3 


11 



legend: 

#: number of experiment 

a: number of filter squares (= samples* 9 shott each) 
b: total number of shois of the experiment 

c: concentration of the plasnud in the DNA-partide snqiension, given in ^ul 

d: panicle diameter, given in \im 

e: particle concentxadon, given as arbittaxy grey-steps 

f : worJdng distance, given in mm distance from the rip of the icstrictian to the surface of 
the sample 

g: number of positive co loni e s 

h: % of saixxples which contained positive colonies 

!• ^oaximum number of posidve colonies per satnple. 
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It will be. appreciated by those of ordinary skill in the ait that the present inventidn can be 
embodied in other specific forms widiout depazung £rom the spirit or essential 
characteiisdcs thereof. The presently disclosed embodiments are therefore considered in 
all respects to be illustrative and not restrictive. The scope of the invendon is indicated by 
die appended daitns rather dian die foregoing description, and all changes that come 
widiin the meaning and range of equivalents thereof aze intended to be embraced dierein. 
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WH,A.T IS CLAIMED IS: 



1. Process for the geocQc transfarmadon of cells, in particular plant cells comprising the 
steps of: 

suspending microprojectiles in a DNA solution; 

accelerating said nricroprDjectiics by a pressure impaa from said solution in a direction of 
the cells to be ixansfocined, the microprojectiles being finely atonuze;d into a fog with the 
solution as a xesult of the pressuxe impact; and, 

bomban£ng the cells with a pulse of the tni ciopioj ectiles carrying DNA so that the 
micrqprqjectiies penetrate or at least smch the cells to be transfanned in a way sufficient 
to enable the DNA to enter the cdL 

2. Process according to claim 1, wherein said miaqprojectiles are gold paitides of 
uutiuuietcr size. 

3. Process according to claim 1, wherein said microprojectiles are tungsten paxricles of 
noicromeier size. 

4. Process accoitiing to claim 1. finther campiising the steps of pressurizing the fog 
generated by die uonuzation and having tte tnauu pioj e ci iles and the DNA adhering to it 
directed duough a restriction at the cells to be transfonned, the restriction being a 
diaphragm m* a capillary, said fog being thereby accelerated toward the cells and focused 
on tern. 

5. Process acc(»rding to claim 4, wherein the cells to be transfoxxxsed are located in an at 
least partially evacuated chamber, at least during their bombardment with the 
naiciopi pjtr tilrs. 



- :2iii 
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6. Process according to claim 5, whsrein one droj> of ihe DNA solution with the 
microprojectilcs suspended therein is provided and that said drop is then atomized by the 
pressuie impao. 

7. Process according to claim 6» wherein the drop is aligned in a straight line witii the 
restricdon and the cells and thai a principal direcdon of propaganon of the piessnre impact 
is conincar with said line. 

E. Process acconiing to claim 7, wherein gold pardcles of an essenually uniform size in a 
diameter range of 20 nm to 5 ^un, and preferably 12-15 pm are used as the 
micropiojectiles. 

9. Process according to claim 6, wherein the volume of a drop is widiin a range of 
10-500 nl, and preferably about 50-150 nL 

10. Process according to claim 6. wherein the cfistance between the drop and the 
restricdon is chosen within a range of about 5-20 imn, so that no closed liquid filament 
may enter the restriction. 

11. Process according lo claim 6, further conqsrising the steps o£ 

producing the drop at the oudet end of a carmula inclined reiauve to a vertical* wherein an 
angle of the cannula to the vertical is chosen as a function of the micropiojectile size and 
the viscosity of the DNA solution containing the suspended micrpprojectiles, so that the 
conceotiation of die suspended zniaoprojecdles remains essentially constant in successive 
drops. 

11 Process according to daim 4, wherein the restricdon has a free flow passage diameter 
within a range of 20-300 pm. 

13. ftocess according ID claim 4«whei«n as die restricdon a capiUarywidk an internal 
diameier of 10 to 500 Mm and a lengdi of 1 -20 mm is used. 
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14. Process according claim 6, wheFdn the pressuzt impact is chosen between 2-10000 
bar, and preferably several tens of bars to several hundreds of bars. 

15. Process according to claim 6, whoein a DNA concentraticKi of several tenths ^g per 
^1 is used. 

16. Apparatus for the introduction of particles carrying DNA into cells, in particular for 
the genetic tnmsfonnation of said cells, comprising: 

a holder for cells to be transformed; 

means to accelerate particles containing DNA toward the cell holder; 

means for providing a metering of a predefined volume of a suspenston containing 
particles and DNA such diat the means to accelerate the particles atormze said vdume 
into a fme fog and said fog is accelented toward the cell holder. 

17. Apparatus according to claim 16, further comprising: 

an essendally longitudinal pressure chamber at one end whereof a device for generating 
pressure inopact is located, axul ihe other end of which opens into axestriction, the cell 
holder being located in an extension of the pressure chamber aligned with die xesoiction at 
a distance from it; and, 

thetneteiing means further comprises a cannula pxojectmg into die pressuic chambeTi so 
that an opening of the caxmula, the restricdon and die cell holder are located essentially on 
a straight line parallel to or coinciding with a longitudinal axis of the pressure chamber. 

18. Apparatus aoconSing lo claim 17, wherein the metering means further conqnises: 

a variable metering device feeding the cannula and capable of alloraig formation of a 
constant drop of a variable predetemnned vdume at the opening ci the carmula. 
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19. Apparatus according to claim wheisin the angle at which the cannula opens into 
the pressure chamber is variable. 

20. Apparatus acconiing to claim 19, wherein the pressure chamber is tapered at its end 
on the side of the restxiction toward said restriction. 

21. Apparatus acconiing to claim 19, wherein &e pressure chamber may be rotated, at 
least to a limited extent, around its longitudinal axis. 

22. Apparatus according to claim 21, further comprising: 

an ai least partially evacuable specimen chamber having the cell holder located therein, 
and equipped with a connector for a source of suedon. with the restriction opening into 
said specimen chamber. 

23. Apparatus according to claim 22, wherein the cell holder is located is the specimen 
chamber at least mmsverscly displaceable relad ve to the longimdinal <firection of the 
pressure chamber. 

24. Apparatus according to claim 23, wherein the specimen chamber further comprises a 
removable pan and that the cell holder is located, together with its adjnsdng means, to 
spatially displace it in said removable pan of the sp ecimr n chamber. 

25. Appanmzs acconiing to dBim 24, wherein a check valve is provided in the cannula or 
in a supply line to it. 

26. Appazaras acconiing to dnm 25, wherein device for genezating a pressure impact 
is a gun like device operated by cDmpressed air or gas. 

27. Apparanis acco«iing to claim 25, wheiwn the restriction is a diaphragm or a c^riU^^ 

28. Apparatus aceoiding to daim 27, wherein a firee diameter of die diaphragm is about 
20-300 Mm. 
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29. Apparatus according lo claim 27, wherein an intsmal diaxneter of the capillazy is 
about 10-500 and the length of the capillaiy about 1-20 mm. 

30. Apparatus according to claim 25, wbeiein a distance of the opening of die cannula 
from the restriction is about 5-20 

31. Ptocess according id daim 1, wherein said cells are present as a component of a 
higher organized plant uiuL 

32. Process according tt> claim 31, v^erein sud unit is a tissue combination with a few 
cells, in particular a mezistematic tissue combination. 

33. Apparatus according to daim 16, whexein particles carrying DNA axe used in the 
transfarmadon of plant cells. 

34. Transgenic plant cells, isolated or as a component of a higher organized unit, 
transformed by suspending mi cropr ojectiles in a DNA soludcHi; 

acceleradng said xxncroprojectiles by a pressure impact from said soludon in a diiecdon of 
die cells to be transfonned, the microprojectiles being finely atomized into a fog with the 
soludon as a result of die pressQxe ixzipact; and, 

bombarding die cells with a pulse of die mictoptojecdles canying DNA so diat the 
mici opTojectiles penetrate the cells to be transfonned. 

35. Transgenic plant xegeneraiedfrom a plant cell according to claim 34. 

36. Process accoiding to daim 1, wherein the said cell is a baaerial cell. 

37. Bacterid ceU transfonned by suspending txncroprGriecdles in a DNA sdutifm; 



accelerating saidnuaoprojectiles by a pressure inopact firom said soludon in a diiecdon of 
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the cells to be transfonmd, the microprqpctiles being finely atoxnxzcd into a fog with the 
solution as a result of the pressure impact; and, 

bombarding the cells with a pulse of the miao p rojccdles canying DN A so that the 
micTopiojectibs cause xcvemble opening in the call walls and the membranes of the cells 
to be transfmned in a way that is sufficieni for the DN A molecules to enter the cells. 



Petherstonhsugh & Co, 
Ottawa, Can-jdu 
Patent A^t-.-r 
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